Two field experiments were carried out in the two-successive winter seasons of 2014-2015 and 2015-2016 on faba bean (Vicia faba L.,) at El-Gemmaiza Agricultural Research Station, El-Gharbia Governorate, Egypt, located at (Lat. 30 º 48´ 752" and Long. 31 º 81 025"). as sake of studying study the influence of nitrogen as ammonium sulphate (20.5% N) at rates of (0.0, 7.5, 10.0 and 15.0 kg N fed -1
INTRODUCTION
Faba bean (Vicia faba, L.) is one of the best important leguminous crops used for human nutrition in Egypt. All parts of the faba plant are edible. Cultivated faba bean is used as human food in developing countries and as animal feed, mainly for pigs, horses, poultry and pigeons in industrialized countries. It can be used as a vegetable, either green or dried, fresh or canned. In Egypt, mineral fertilizers, especially nitrogen, phosphate, potash and other micronutrients are being applied to increase faba bean growth and yield. Consumption of nitrogen and phosphate fertilizers has tripled during the last 30 years. This increase in consumption is due to various factors including the construction of the Aswan High Dam which reduced the quantity of suspended materials deposited on the soil during floods, which permitted for thousands of years the restoration of the fertility of Egyptian soils (Kasem Fatma, 2012) .
The grain legume (pulse) faba bean (Vicia faba L.,) is grown world-wide as a protein source for food and feed. At the same time faba bean offers ecosystem services such as renewable inputs of nitrogen (N) into crops and soil via biological N 2 fixation, and a diversification of cropping systems. Even though the global average grain yield has almost doubled during the past 50 years the total area sown to faba beans has declined by 56% over the same period. Faba bean has the highest average reliance on N 2 fixation for growth of the major cool season grain legumes. As a consequence the N benefit for following crops is often high, and several studies have demonstrated substantial savings (up to 100-200 kg N ha -1 ) in the amount of N fertilizer required to maximize the yield of crops grown after faba bean (Erik et al., 2010) .
Nitrogen is the most limiting nutrient for crop production in many of the world agricultural areas and its efficient use is important for the economic sustainability of cropping systems. Furthermore, the dynamic nature of N and its propensity for loss from soil-plant systems creates a unique and challenging environment for its efficient management. Crop response to applied N and use efficiency are important criteria for evaluating crop N requirements for maximum economic yield. Recovery of N in crop plants is usually less than 50% worldwide (Fageria and Baligar, 2005) .
Cobalt is considered an important element in the plant bacteria root nodulation of legume required in low level particularly for fixing atmospheric nitrogen. The coenzym cobalamine has Cobalt (III) as a met component, cheated to far nitrogen atoms at the center of pyrophyin straelure similar to that of iron in human. In rizobium species, three enzyemes are known to be cobalamin dependent with cobalt induce charge in their activities are primarily responsible for the relationship to nodulation and nitrogen fixation in legumes. Gad Nadia (2006) pointed out that cobalt at 8 mg L -1 increased total nodules and dry weight of plant. Another studies were conducted by Gad Nadia et al. (2013) and (2014) also observed that significant increases fresh and dry weight of nodules in soybean and weights of pods plant -1 , seeds plant -1 and 100 seeds of cowpea with cobalt addition 100 or 75% of nitrogen fertilizer recommended. Cobalt gave the highest values of all growth and yield parameters of cowpea with 100% N followed by 75% N compared to untreated plants. Increases in growth and yield parameters of cowpea and soybean treated with cobalt and 50% N were not significant while the addition of cobalt with 25% N gave the lowest values. Cobalt increased the efficiency of nitrogen fertilization, and reduced the recommended dose by 25% and resulted in superior cowpea pods and seeds yields about by 25.6 % and 18.84 with75% N respectively, compared with 100 N without cobalt. Cobalt significantly increased the content of N, P, K, Mn and Zn as well as chemical contents especially with 100% and 75% nitrogen rates. Weria et al. (2013) found that cobalt is essential for nitrogen-fixing micro-organisms, including the cyanobacteria. Jordan and Reichard (1998) and Licht et al. (1996) reported that role of cobalt in N 2 fixation is essentially attributed to its role as a cofactor of cobaltamine (Vitamin B6) which functions as a coenzyme involved in N 2 fixation and nodule growth . Gad Nadia (2006) , reported that addition of cobalt in the plant media could be magnified the benefit of nutrients uptake by plants even at the low concentrations. Cobalt applications can levels of mineral and organic fertilizers to about 25 and 67 % of the recommended doses. Cobalt also increased fresh and dry weights of shoots and roots, nodules number and weight, contents of macro and micronutrients as well as yield pods and seeds quality. Also, cobalt is an essential element for certain microorganisms particularly and decrease nitrate accumulation and gave safety health to human . Kandil Hala (2007) reported that increasing of cobalt rates significantly increases in dry weights of roots, shoots and grain compared to control treatment. Grain yield were increased by 73.68, 130.68, 204.66 and 217 .74 % due to the application of 5, 10, 15 and 20 mg L -1 , of cobalt respectively. The macro and micro-nutrients contents in faba bean plants were increased by the application of cobalt, except iron which was decreased. Gad Nadia (2010) observed that a significant increase in the canola yield was observed by applying cobalt in suitable concentration. Addition of 12.5 mg L -1 cobalt gave a synergistic effect on canola growth, seed yield, oil yield and its quality compared to untreated plants. Also, cobalt application increased growth parameters, contents of macro and micro-nutrients and chemical contents in canola seeds as compared to control plants. Cobalt content in the canola seeds was in a sub range for human safety health. Gad Nadia et al. (2011) . Maher and Youssef (2008) noticed that residual soil fertility in terms of available N, P, K and Co was improved under the combined application of microbial inoculants and cobalt as compared to sole application of only an inoculant or cobalt and improved the cobalt accumulation in soil. Increasing the dose of cobalt subsequently increased the available cobalt content of the soil with a maximum value of 0.31 mg kg -1 (Basu and Bhadoria, 2008) The study aimed at decreasing nitrogen mineral fertilizers rates applied through foliar spray of cobalt to reduce the environmental impact of excess use of mineral fertilizers applied on a clay soil cultivated with faba bean.
MATERIALS AND METHODS
The present study was carried out at El-Gemmaiza Agricultural Research Station, El-Gharbia Governorate, Egypt, located at (Lat. 30 º 48´ 752" and Long. 31 º 81 025"). The experiment had been extended for two winter seasons 2014/15 and 2015/16 on faba bean (Vicia faba L). Combined analysis of both seasons was discussed; the experiments were arranged in a complete randomized block design with three replicates under furrow irrigation system. The aims of this work are to study the impact of mineral nitrogen applied at four rates (0.0, 7.5, 10.0 and 15.0 kg N fed ) on yield, yield components and chemical composition of both faba bean grains, straw and available content (N, P, K and Co) in the soil. Some physical and chemical properties of soil were Tabulated 1. The soil was classified as (Vertisols, Torrerts, Haplotorrerts, Typichaplotorrert, Clayey Hyperthermic, Sniectic) .), soil taxonomy was performed according to Soil Survey Staff (2010). ). Nitrogen was applied at rates of (0.0,22.5, 30.0 and 45.0 kg N fed -1 as ammonium sulphate (NH 4 ) 2 SO 4 (20.5% N), at four split doses, calcium super phosphate (15% P 2 O 5 ) was added at a rate of 100 kg fed -1 during soil preparation before sowing by mixing with the surface soil layer and potassium sulfate (48 % K 2 O) was applied at the rate of 50 kg K 2 O fed -1 at flowering stage of faba bean plants and cobalt sulfate (20 % Co) was used as a source of cobalt and it was added as foliar spray at rates of 0.0, 0.5 and 1.0 mg L -1
. It was sprayed twice at 45 and 60 times respectively.
The rhizobium was obtained from the bio-fertilizer production unit at the Soil, Water and Environment Research Institute Agriculture Research Center; Grains of faba bean (Vicia faba L), (Giza-716) were inoculated with rhizobium just before sowing at a rate of 75 kg grains fed -1 on 15 November 2014 and 10 October 2015 under furrow irrigation system. All practices were used and plants thinned on two plants for each hill after three weeks from sowing.
At harvest, faba bean plants were collected from each plot to determine yield and yield components, i.e., grain and straw yields, 100-grains weight. Plant samples were oven dried at 70 o C, ground and prepared for digestion and analysis.
Surface soil samples were taken after harvest to determine the available N in soil which was extracted by using KCl (2N) and available (P, K and Co) which were extracted by using (AB-DTPA) at pH 7.6 according to the method of Soltanpour and Schwab (1991) . N, P, K, Fe, Mn, Zn, Cu, and Co contents in plant material were determined using the procedures described by A.O.A.C. (1995) .
Available N in soil and N content in plant material were determined using micro-Kjeldahl method according to Page et al. (1982) and A.O.A.C. (1995) and K using flame photometer.
Available P, Fe, Mn, Zn, Cu, and Co in the soil and content in plant digestion were determination by using Inductively Coupled Plasma (ICP) Spectrometry (Ultima 2 JY Plasma) according to the procedure described by "Environmental Protection Agency" EPA. (1991) .
Soil samples were collected before cultivation to determine particle size distribution, according to Piper (1950) . Calcium carbonate CaCO 3 was measured by the calcimeter method, according to Nelson (1982) . Soil organic matter content was determined according to Walkley and Black method, Black (1982) . pH values were determined by pH meter in 1:2.5 soil water suspension, according to Mclean (1982) Electrical conductivity (EC) was determined in the saturated soil paste extract using electrical conductivity meter. Soluble ions were also determined in saturated soil paste extract according to Page et al. (1982) .
Statistical analysis:
Combined analysis for all the obtained data were statistically analyzed using MSTAT-C package program (Version 3.00) using least significant differences (LSD at 0.05 level) to compare between means according to Snedecor and Cochran (1990) .
RESULTS AND DISCUSSION
I. Effect of nitrogen and cobalt rates applied on available N, P, K and Co in soil, mg kg
The effect of applied nitrogen and cobalt rates on the values of available N, P, K and Co in soil are shown in Table  2 . The data clearly showed that the addition of three rates of N fertilizer were significantly increased soil available N, P, K and Co. The highest increase was obtained due to addition of 15 kg N fed -1
. There was a significant difference increase among N rates addition. Addition rates of cobalt were significantly affected to soil availability of N, P, K and Co contents. The highest increase was obtained by the addition of 1.0 mg L -1 cobalt as compared to 0.5 mg L -1 cobalt and control treatment. The effect of the interaction between combination of nitrogen and cobalt treatments on soil availability of N, P, K and Co contents under study shown in Table 2 . The obtained results indicated that, there was a significant difference for soil availability content of nutrients. The highest increase was obtained when the addition of 15.0 kg N fed -1 combined with1.0 mg L -1 cobalt may be due to the root secretion, soil pH and released soil macro nutrients with availability to plants. This result was agreed with data obtained by Maher and Youssef (2008) , whose tested five levels of cobalt (0, 5, 10, 20, 40, 80 , and 100 mg kg -1 soil) and observed that the soil available cobalt concentration increased with increasing cobalt application rate. Also, Gad Nadia (2006) reported that, addition of cobalt in the plant media could be magnified the benefit of nutrients uptake by plants even at the low concentrations. II. Effect of nitrogen and cobalt rates on faba bean productivity and its components. Data in Table 3 show that the addition of 10.0 and 15.0 kg N fed -1 significantly enhanced both grain yield of faba bean, while the application of 7.5 kg N fed -1 had no significant effect. The highest increase was obtained at a rate of 15.0 Kg N fed -1 and the corresponding increase were 13.16% and 13.18% for grain and straw yields, respectively as compared to control treatment.
With regard to N rates applied to the soil the same trend was obtained for faba bean yield of grain and straw yield, where the addition of 10.0 and 15.0 kg N fed -1 were significantly affected straw yield. The highest straw yield was obtained at rate of 15.0 kg N fed -1 with corresponding increase was 13.18 % compared to control treatment.
Roots weights were also significantly affected by different rates of N fertilizer. The plants received 15.0 kg N fed -1 gave the highest values compared to control, and there were no significant differences were obtained between the rates of 7.5 and 10.0 kg N fed -1 applied. The obtained result, data attained in Table 2 indicate that the addition of cobalt at two rates significantly affected faba bean productivity and its components. The highest increases were obtained by foliar spray of 1.0 mg L -1 cobalt and the corresponding increases were 10.19, 10.75, 53.16 and 12.37 % for grain, straw, roots and biological yields, respectively. Data in Table 3 show that the interaction effect between nitrogen soil application and foliar spray of cobalt rates on grain, straw, roots and biological yields were significant. The combined treatment of 15.0 kg N fed -1 and 1.0 mg L -1 foliar spray cobalt gave the highest values for grain, straw, pods and biological yield without no significant difference between this treatment and applied 15.0 kg N combined with 0.5 mg L -1 cobalt. The interaction effects between N and Co rates on roots yield and weight of 100 grains gave also the same previous trend.
The beneficial impact of applied cobalt as foliar spray on faba been yield may be due to that, the cobalt is an essential element for nitrogen fixing by microorganisms, including the cyanobacteria these results are in accordance with Jordan and Reichard (1998) . reported that, the effect of cobalt depends on enzyme system in rizobium which may account for influence of cobalt on nodulation, ribonucleotide reductase and methylalonyl coenzyme. Kandil Hala (2007) also found that, the application of cobalt to plants may help in better nodulation and consequently a better growth and yield production. On the other hand, cobalt addition increase the nodules formation of root and atmospheric nitrogen fixation by microorganisms which increase growth and yield of faba bean plants. Kandil Hala and El-Mghraby (2016) reported that, cobalt applied significantly increased faba bean and wheat yield. ) in faba bean grains yield. Data in Table 4 show that, the application of N at different rates enhanced significantly the N, P, K, Fe, Mn, Zn, Cu and Co contents of faba bean grains and the highest increases were recorded for at soil the application at the rate of 15.0 kg N fed . This may be due to the positive role of cobalt in water movement and its tendency towards the rhizosphere area near the plant zone and consequently, the enhancement occurred on mineral uptake by the growing plants, particularly in case of water stress as mentioned by Kandil Hala (2007) she reported that, the addition of different levels of cobalt namely 5.0, 10.0,15.0 and 20.0 ppm had significant beneficial effect on the status of studied macro-elements (nitrogen, phosphorus and potassium) in both shoots and roots of faba bean plants, the highest content values of N, P and K in shoots and roots were obtained at the treatment of 20.0 ppm cobalt followed by 15.0, 10.0 and 5.0 ppm in a decreasing order. The result of the interaction between nitrogen and cobalt on nutrients contents under study in faba bean grains were also illustrated in Table 3 . The obtained results showed that all nutrients contents were significantly responded to all tested treatments and the addition of 15.0 kg N fed -1 combined with 1.0 mg L -1 cobalt gave the highest values for studied nutrients of grains, straw and roots. These data confirm with the data obtained by Kandil Hala and El-Mghraby (2016) . Who found that, cobalt addition with nitrogen significantly increased N, P, K, Co, Zn, Mn and Cu content of cowpea, saybean, faba bean and wheat plants. Data presented in Table 4 also reveal that, all the used rates of nitrogen (0.0, 7.5, 10.5 and 15.0) kg N fed . This positive effect may be due to cobalt application promoted many of developmental processes and increases the formation of loghaemoglobin required for nitrogen fixation, thereby improving the nodules activity by application of cobalt. These results agreed with those obtained with Yadav and Khanna (1988) and Kandil Hala (2007) who reported that contents of macro nutrients (N, P and K) and micro nutrients (Fe, Mn, Zn, and Cu) in faba bean plants were increased with increasing of cobalt application.
Concerning the interaction effect between nitrogen soil application combined with cobalt foliar spray on N, P, K, Fe, Mn, Zn, Cu and Co concentrations in faba beans data in Table 4 show that cobalt sprayed at a rate of 1.0 mg L -1 with full dose of nitrogen fertilizer i.e 15.0 kg N fed -1 had the highest impact for all nutrients status under investigation. Concerning N, P and K nutrients, the highest values were found at rate of 15.0 kg N fed -1 a combined with 1.0 mg L -1 cobalt, followed by 15 kg N fed -1 and 0.5 mg L -1 cobalt, followed by 15 kg N fed -1 without cobalt sprayed, for N and K. There were no significant differences between the dual treatments of 10.0 kg N fed -1 with or without cobalt for N. Also, the highest values of P were found at 15.0 kg N fed -1 with 0.5 or 1.0 mg L -1 cobalt, followed by 15.0 kg N fed -1 without sparing of cobalt and the last one was observed when the application of 10 kg N fed -1 with or without cobalt. While, no significant deferens between 7.5 or zero kg N fed -1 with or without cobalt applied. Also, data recorded that no significant differences for K at 10.0 kg N fed -1 with zero and 0.5 mg L -1 cobalt and 7.5 kg N fed -1 with 1.0 mg L -1 cobalt. Moreover, the same later with 7.5 kg N fed Concerning the interaction effect between soil application nitrogen rates and cobalt foliar spray rates on the concentrations of micronutrients and cobalt in faba bean grains, data in Table 3 These results were more or less agreed with those obtained by Gad Nadia et al. (2016) who observed that contents of N, P, K, Fe, Mn, Zn, Cu and Co were significantly increased in faba bean at all nitrogen rates with cobalt applied, the highest values were obtained with 100% N followed by 75 % N. Also, cobalt content in faba bean was increased with cobalt application. IV. Effect of nitrogen and cobalt rates applied on macro, micro-nutrients and Co contents in faba bean straw and roots. Data obtained in Tables 5 and 6 shows that as generally the effect of N application rates on N, P, K, Fe, Mn, Zn, Cu and Co contents in straw yield and roots, gave significantly differences values a generally. The application of nitrogen at different rates progressively increased the faba bean straw and roots contents of nutrients under study compared to the control treatment (without N addition) and the highest values were attained by the application of 15 kg N fed -1 . Concerning the effect of cobalt foliar spray application rates gave the same trend as nitrogen applied, where elements contents in both straw and roots increased with increasing cobalt rates. It could be concluded that, cobalt applied it was benefit on increasing elements content in faba bean straw yields or roots. These results are agree with those obtained by Nadia Gad (2006) reported that, addition of cobalt in the plant media could be magnified the benefit of nutrients uptake by plants even at the low concentrations.
Regarding the interaction effect between N and Co rates on N, P, K, Fe, Mn, Zn, Cu and Co contents of faba bean straw yield and roots, data presented in Tables 5 and  6 . show significantly responses in elements content in both faba bean straw and roots when N fertilizers a combined with cobalt in straw and roots of faba bean plants. These results were in harmony with Kandil Hala (2007) 
CONCLOUSION
The abovementioned presentation and discussion suggested that, there was benefit effect for the application of nitrogen in companied with cobalt on productivity and nutritional status of faba bean plants. However, nitrogen the soil application at a rate of 15.0 kg N fed -1 + foliar sprays of cobalt 1.0 mg L -1 was for all parameters under study of faba bean grown under that condition.
